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(54) Optical module circuit board having flexible structure 

(57) It is an object of the present invention to provide 
a highly reliable optical module circuit board having a suf- 
ficient mechanical strength with respect to an external 
stress. An optical module circuit board (8) according to 
the present invention includes a flexible printed circuit 
(46) having at leat a multilayered structure in which a 
layer containing a conductive metal interconnection is 
sandwiched between insulating layers, wherein the flex- 
ible printed circuit includes a main body portion (46a) 
having the multilayered structure, a first surface mounted 
with an electronic component, and a second surface 
opposite to the first surface, a neck portion (46c) having 
the multilayered structure and extending from one end 
of the main body portion, and a head portion (46b) posi- 
tioned at a distal end of the neck portion extending from 
the one end of the main body portion, having the multi- 
layered structure, and mounted with an optical operation 
element and a bypass capacitor. Particularly, the neck 
portion (46c) defines the positional relationship between 
the main body portion (46a) and the head portion (46b) 
so as to giv the circuit board (8) a sufficient mechanical 
strength. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to an optical module 
circuit board used for an optical communication system 
such as an optical local area network (LAN) or an optical 
data link using light as an information transmission 10 
medium. 

Related Background Art 

Japanese Patent Laid-Open No. 2-271308 dis- 15 
closes a conventional optical module. This conventional 
optical module comprises a cylindrical sleeve. The 
sleeve consists of a metal such as stainless steel. One 
end of the sleeve has an opening for storing an optical 
operation element. The other end of the sleeve also has so 
an opening capable of accommodating at least a part of 
an optical fiber positioning ferrule arranged at the distal 
end of a connector plug. The optical operation element 
is fixed in this sleeve with an adhesive or the like. The 
outer wall of the sleeve has a flange for fixing the sleeve. 25 

The conventional optical module further includes a 
package body for supporting a circuit board. A support 
plate for fixing a sleeve is fixed in the package body with 
an adhesive or the like. The flange of the sleeve which 
receives the optical operation element is adhered and 30 
fixed to the support plate. Terminals extending from the 
bottom portion of the optical operation element is elec- 
trically connected to a constituent element (an electronic 
component such as a resistor, bare chip IC, etc.) of the 
circuit board mounted on the package body. An electrical 35 
signal output from this electronic circuit is extracted out- 
side the optical module through a plurality of lead pins. 

U.S.P. No. 4,979,787 discloses another optical mod- 
ule. In this optical module, part of a flexible printed circuit 
(FPC) of a circuit board on which electronic components 40 
are mounted is bent at a right angle, and an optical oper- 
ation element is directly mounted on this bent portion. 

SUMMARY OF THE INVENTION 

45 

The inventors discovered the following undesirable 
structures of the conventional optical module. In an opti- 
cal module disclosed in Japanese Patent Laid-Open No. 
2-271308, the terminal of an optical operation element 
is formed and connected to a circuit board. In this optical so 
module, the manufacturing process is difficult because 
the setting position of the optical operation element itself 
varies owing to a stress applied to the terminal informing, 
and the like. Furthermore, the impedance of the terminal 
is high, so that the structure of this optical module is eas- ss 
ily affected by external noise. 

When part of the flexible printed circuit is directly 
bent at a right angle in the above manner, a sufficient 
strength can be obtained with respect to a stress in the 
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bending direction. In the structure of the conventional 
optical module, however, a sufficient strength cannot be 
obtained with respect to a stress except for that in the 
bending direction, e.g., a stress in a direction to twist part 
(rising portion) of the flexible printed circuit. When a 
stress is appli ed in the di rection to twist this rising portion, 
the rising portion may be cut off from the main body por- 
tion of the flexible printed circuit. 

ft is an object of the present invention to provide an 
optical module circuit board having a sufficient mechan- 
ical strength with respect to an external stress while 
maintaining high reliability. 

The optical module circuit board according to the 
present invention comprises a flexible printed circuit, in 
which a neck portion for absorbing an unexpected stress 
is formed, between a main body portion for mounting an 
electronic component and a head portion for mounting 
an optical operation element As in the conventional opti- 
cal module, if a bypass capacitor for removing noise of 
a driving power supply for an optical operation element 
is mounted on the main body portion (flat portion) of a 
flexible printed circuit, the optical operation element is 
spaced apart from the bypass capacitor. For this reason, 
a sufficient bypass effect cannot be obtained even with 
an arrangement in which the optical operation element 
is mounted on a rising portion (head portion). To the con- 
trary, in the present invention, a power supply filter circuit 
including a bypass capacitor is mounted on a head por- 
tion for mounting an optical operation element, thereby 
obtaining a general-purpose optical module circuit board 
while maintaining high reliability. 

More specifically, an optical module circuit board 
according to the present invention comprises a flexible 
printed circuit having at least a multilayered structure in 
which a layer containing a conductive metal interconnec- 
tion is sandwiched between insulating layers (e.g., a 
structure in which a layer containing a conductive metal 
interconnection is sandwiched between insulating mate- 
rials such as polyimide). This flexible printed circuit is 
constituted by: a main body portion having the multilay- 
ered structure, having a first surface mounted with an 
electronic component, and a second surface opposite to 
the first surface; a neck portion having the multilayered 
structure, extending from one end of the main body por- 
tion, and having a first surface continuously extending 
from the first surface of the main body portion, and a sec- 
ond surface continuously extending from the second sur- 
face of the main body portion; and a head portion 
positioned at a distal end of the neck portion extending 
from the one end of the main body portion, having the 
multilayered structure, and mounted with an optical oper- 
ation element and a power supply filter circuit including 
a bypass capacitor, the head portion having a first sur- 
face continuously extending from the first surface of the 
neck portion, and a second surface continuously extend- 
ing from the second surface of the neck portion. 

The second surface of the head portion is backed 
with an auxiliary plate to reinforce the head portion, while 
the second surface of the main body portion is backed 
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with a base ptat to reinforce the main body portion. The 
first and second surfaces of the neck portion are exposed 
to absorb an unexpected stress, thereby maintaining 
flexibility. 

Particularly, the neck portion holds the head portion 5 
so as to set the first surface of the head portion on a 
plan e different from a plane coplanar with the first surface 
of the main body portion. A barycenter in a region of the 
head portion for mounting an optical operation is offset 
in a direction perpendicular to a direction H of the neck 10 
portion extending from the main body portion and a 
direction D to bend the neck portion. Note that, in this 
specification, the barycenter of the element mounting 
region is obtained by drawing a polygon using, as verti- 
ces, the centers of through holes which are formed in the is 
head portion and receive the terminals of the optical 
operation element. That is, the barycenter in the mount- 
ing region of the head portion for mounting the optical 
operation element means the barycenter of the polygon. 

Various bases (TO packages) are employed for the 20 
optical operation element which is to be mounted on the 
head portion. Assume that the bottom portion (portion 
for extracting a lead pin to the outside) of an optical oper- 
ation element has the projection or a solder used for 
welding a ground terminal. In mounting such an optical 25 
operation element on the head portion, if the optical 
operation element is directly attached to the rising por- 
tion of the flexible printed circuit, a load is undesirably 
applied to the flexible printed circuit itself, as in the con- 
ventional optical module. For this reason, it is difficult to 30 
mount the optical operation element by an automatic 
assembly machine. In the optical module circuit board 
according to the present invention, the auxiliary plate 
having the first surface adhered to the second surface of 
the head portion comprises a recess which has a prede- 35 
termined diameter and is formed in a surface (the second 
surface opposite to the first surface) facing the optical 
operation element. The diameter of this recess is larger 
than that of the through hole extending from the second 
surface or the auxiliary plate to the first surface of the 40 
head portion. 

The main body portion of the flexible printed circuit 
on the optical module circuit board according to the 
present invention can be replaced with a general printed 
wiring board, of all the optical module circuit boards of 45 
the present invention, on which various electronic com- 
ponents are mounted. That is, this circuit board com- 
prises a flexible printed circuit having at least a 
multilayered structure in which a layer containing a con- 
ductive metal interconnection is sandwiched between so 
insulating layers (e.g., a structure in which a layer con- 
taining a conductive metal interconnection is sand- 
wiched between insulating materials such as polyimide), 
wherein the flexible printed circuit is constituted by: a 
head portion having the multilayered structure, a power ss 
supply filter circuit with a bypass capacitor mounted on 
a first surface, and an optical peration element mounted 
on a second surface opposite to th first surface; and a 
terminal portion having the multilayered structure. 



extending from one end of the head portion, and having 
a first surface continuously extending from the first sur- 
face of the head portion, and a second surface continu- 
ously extending from the second surface of the head 
portion. 

This terminal portion functions as a neck portion for 
holding the head portion on a plane different from a plane 
coplanar with the component mounting surface of the 
printed wiring board, when the terminal portion is elec- 
trically connected and fixed to the general printed wiring 
board, ft is preferable that an auxiliary plate having a first 
surface being in contact with the second surface of the 
head portion to entirely cover the second surface, and a 
second surface opposite to the first surface and facing 
the optical operation element be arranged on the second 
surface of the head portion. A recess having a predeter- 
mined diameter is formed at the opening portion of a 
through hole, in the second surface of the auxiliary plate, 
which receives a ground pin of an optical operation ele- 
ment, in correspondence with various optical operation 
elements. The diameter of this recess is larger than that 
of the through hole extending from the second surface 
of the auxiliary plate to the first surface of the head por- 
tion. 

The optical module circuit board of the present 
invention comprises the flexible printed circuit having the 
neck portion for coupling the head portion on which the 
optical operation element is mounted to the main body 
portion on which an electronic component is mounted. 
Therefore, a structure in which the neck portion absorbs 
an unexpected stress except for that in the bending direc- 
tion can be realized. 

In addition, the auxiliary plate is fixed to the optica! 
operation element mounting surface (second surface) of 
the head portion. The recess for storing the projection 
formed on the bottom portion of the optical operation ele- 
ment is formed in the surface of the auxiliary plate facing 
the optical operation element. With this arrangement, the 
optical operation element can be firmly mounted on the 
head portion. 

Still further, the power supply filter circuit including 
the bypass capacitor for removing noise of a driving 
power supply for the optical operation element is 
mounted on the head portion together with the optical 
operation element With this arrangement, a sufficient 
bypass effect can be obtained in the optical module cir- 
cuit board of the present invention. The neck portion cou- 
pling the head portion to the main body portion is used 
as the terminal tortion of the head portion on which the 
optical operation element and the power supply filter cir- 
cuit are mounted. Therefore, a general-purpose struc- 
ture capable of being mounted on various main body 
portions (general printed wiring boards) can be realized. 

The present invention will become more fully under- 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way 
of illustration only, and thus are not to be considered as 
limiting the present invention. 
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Further scope of applicability of the present inven- 
tion will become apparent from the detailed description 
given hereinafter. However, it should be understood that 
the detailed description and specific examples, while 
indicating preferred embodiments f the invention, are 
given by way of illustration only, since various changes 
and modifications within the spirit and scope of the inven- 
tion will become apparent to those skilled in the art from 
this detailed description. 



head portion of the flexible printed circuit according 
to the present invention; and 
Fig. 23 is a sectional view of the auxiliary plate 
shown in Fig. 22 along the line B - B. 

DESCRIPTION! OF THE PRFFE RRED EMROniMPMT 



PRIEF DESCRIPTION OF tm F PRflWir^ 

Fig. 1 is a partial sectional view showing an optical 
module to which a circuit board according to the 
present invention can be applied; 
Fig. 2 is a sectional view of the optical module shown 
in Fig. 1 along the line A - A; 
Fig. 3 is a view showing the structure of an optical 
module circuit board according to the present inven- 
tion; 

Fig. 4 is a sectional view showing the internal struc- 
ture of the circuit board in Fig. 3; 
Figs. 5 and 6 are views each showing the schematic 
shape of the optical module circuit board according 
to the present invention; 

Fig. 7 is a view for explaining the barycenter in the 
optical operation element mounting region of a head 
portion on which an optical operation element is 
mounted; 

Fig. 8 shows a sectional view and a plan view each 
showing the structure of an auxiliary plate fixed to 
the head portion; 

Fig. 9 is a view showing the state of the head portion 
without any auxiliary plate in Fig. 8; 
Fig. 10 is a view showing an example of the wiring 
pattern of the optical module circuit board according 
to the present invention; 

Figs. 1 1 and 12 are sectional views showing a con- 
nection structure between a terminal extending from 
the bottom portion of the optical operation element 
and a ground line of the flexible printed circuit; 
Fig. 1 3 is a view showing an application of theoptica! 
module circuit board according to the present inven- 
tion; 

Fig. 1 4 is a view showing a state in which the optical 
module circuit board in Fig. 13 is fixed to a printed 
wiring board; 

Figs. 15 to 17 are views for explaining a method of 
fixing the optical module circuit board in Fig. 13 to 
the printed wiring board; 

Figs. 18 to 20 are perspective views for explaining 
the assembly process of the optical module to which 
the circuit board of the present invention is applied; 
Fig. 21 is a partial sectional view showing a first 
embodiment of an auxiliary plate for reinforcing the 
head portion of the flexible printed circuit according 
to the present invention; 

Fig. 22 is a partial sectional view showing a second 
embodiment of an auxiliary plate for reinforcing the 



Figs. 1 and 2 show a transceiver optical module 1 to 
which a circuit board 8 of the present invention is appD- 
10 cable. This optical module 1 integrally incorporates a 
transmission optical operation element (e.g., a semicon- 
ductor laser) 3 and a reception optical operation element 
(e.g., a photodiode) 2. The optical module 1 has a hous- 
ing 4 consisting of PPS (polyphenylene sulfide) and hav- 
15 ing a U-shaped section. The housing 4 incorporates 
resin sleeves 5 and 6 which accommodate the optical 
operation elements 2 and 3, a resin sleeve holder 7 for 
fixing the sleeves 5 and 6 at predetermined positions in 
the housing 4, and a circuit board 8 which is electrically 
so connected to a plurality of terminals 2a and 3a extending 
from the optical operation elements 2 and 3, and has a 
flexible printed circuit 46 fixed on the surface thereof. 

A flange 12 for fixing the sleeve 5 (6) itself in the 
housing 4 is formed on the outer circumferential surface 
25 of the sleeve 5. A ferrule holding portion 1 0 having a fer- 
rule insertion port 10a which receives an optical fiber 
positioning ferrule arranged at the distal end of a con- 
nector plug, and an element holding portion 11 having 
an element insertion port 1 1a which receives the optical 
so operation element 2 (3) and is fixed with an adhesive 
(e.g., an ultraviolet-curing resin) are provided on both the 
sides of the flange 12, respectively. 

The sleeve 5 (6) is fixed by being urged against a 
support portion 31 (32) projecting from the inner wall of 
35 the housing 4 by a spring piece 35 arranged on the inner 
wall of the housing 4, a spring piece 26 (27) arranged on 
the sleeve holder 7, and the like. 

The circuit board 8 of the present invention is 
mounted in the opening portion of the housing 4, while 
40 a first surface 8a on which electronic components are 
mounted opposes the inner wall of the housing 4. More 
specifically, as shown in Fig. 2, a base plate 45 fixed to 
the second surface of a main body portion 46a of the 
f lexible printed circuit 46 is mounted in the opening por- 
45 ton of the housing 4 to accommodate a neck portion 46e 
(46c) and a head portion 46d (46b) having an auxiliary 
plate 48 (47) fixed on the head portion 40d(40b) to the 
cavity of the housing 4. 

The main body portion 46a of the flexible printed cir- 
50 cuit 46 is supported by a member 100. A plurality of 
openings 30 and 30a are formed in the side walls and 
the like of the housing 4 which cover the main body por- 
tion 46a so as to efficiently drain the cleaning solution 
from the cavity of the housing 4 in cleaning the optical 
55 module 1. 

The structure of the circuit board 8 will be described 
with reference to Figs. 3 and 4. As shown in Fig. £ the 
circuit board 8 has the flexible printed circuit (FPC) 46. 
The FPC 46 comprises the main body portion 46a on 
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which circuit elements 801 are mounted, the head por- 
tion 46b (46d) connected, by soldering or the like, to the 
terminals 2a (3a) of the optica! operation element 2 (3) 
adhered and fixed to the sleeve 5 (6), and the neck por- 
tion 46c (46e) coupling the main body portion 46a to the 5 
head portion 46b (46d). The head portion 46b (46d) has 
the reinforcing plate 47 (48) as a backing plate, and the 
main body portion 46a has the base plate 45 as a back- 
ing plate to obtain a desired strength. The circuit board 
8 is bent at the neck portion 46c (46e) in a direction indi- w 
cated by an arrow D. When the circuit board 8 is attached 
at the opening portion of the housing 4, each sleeve 5 
(6) is accommodated to the cavity of the housing 4. Each 
lead pin 43 has a lock portion 43a so as to mount the 
circuit board 8 from the second side. This lock portion 1S 
43a is continuous to a straight extraction portion 43b. 

The sectional structure of the FPC 46 is a multilay- 
ered structure in which a plurality of metal interconnec- 
tions (e.g., a signal line for transmitting an electrical 
signal and a ground line) are formed in different layers so 
through an insulating layer, as shown in Fig. 4. More spe- 
cifically, the FPC 46 is constituted as follows. The epoxy 
layer 800b (20 urn) as an adhesive layer for adhering lay- 
ers, a copper layer 810 (18 pm) as a metal wiring layer, 
the epoxy layer 800e (20 pm) as an adhesive layer for 25 
adhering layers, and a polyimide layer 800f (25 urn) as 
a cover layer for the FPC are sequentially formed on one 
surface of the polyimide layer 800a (25 pm) as a base. 
At the same time, an epoxy layer 801b (20 pm) as an 
adhesive layer for adhering layers, a metal wiring layer 30 
81 1 (18 pm), an epoxy layer 801 e (20 pm) as an adhesive 
layer for adhering layers, and a polyimide layer 801f (25 
pm) as a cover layer for the FPC are sequentially formed 
on the other surface of the polyimide layer 800a (25 pm) 
as the base. In this manner, multilayered structures ver- 35 
tically symmetrical about the base 800a are realized. 

Note that the metal wiring layer 810 (81 1) is consti- 
tuted by stacking, on the metal wiring layer 810 (811), 
the first copper layer 800c (801c) as a conductive layer! 
and the second copper layer 800d (80ld) as a conduc- 40 
five layer for a through hole 820 as shown in Fig. 4. 

As shown in Fig, 5, the FPC 46 comprises the rec- 
tangular main body portion 46a fixed to the base plate 
45, the head portion 46b (46d) electrically connected 
directly to the terminal 2a of the optical operation ele- 45 
ment 2, and the neck portion 46c (46e) extending from 
the main body portion 46a to electrically connect the 
main body portion 46a to the head portion 46b (46d). 

The head portion 46b is formed at a position having 
a predetermined angle e with respect to a perpendicular so 
(a dashed line in Fig. 5; this dashed line coincides with 
the direction of the neck portion 46c extending from the 
main body portion 46a) which is drawn from a coupling 
position between the neck portion 46c and the main body 
portion 46a with respect to the coupling surface (a chain ss 
line £ in Fig. 5) of the neck portion 46c. The head portion 
46b has the degree of three-dimensional freedom. With 
this arrangement, a structure having a high resistance to 
stress in a direction to twist the neck portion 46c can be 



realized. In addition, the degree of bending freedom can 
be greatly increased, thereby preventing the neck portion 
46c from cutting. The neck portion 46c has no member 
for supporting the second surface of the neck portion 
46c. Therefore, the head portion 46b can be easily raised 
from the main body portion 46a, and the positional rela- 
tionship between the circuit board 8 and the optical oper- 
ation element 2 can be freely set. 

Note that the flexible printed circuit 46 may have a 
structure shown in Fig. 6. That is, the neck portion 46c 
may extend perpendicularly to the main body portion 
46a. By bending this neck portion 46c at almost a right 
angle, the head portion 46b can be formed at the position 
having the angle 6 with respect to a perpendicular (a 
dashed line in Fig. 6) which is drawn from the coupling 
position between the neck portion 46c and the main body 
portion 46a with respect to the coupling surface of th 
neck portion 46c. A structure having a high resistance to 
stress in the direction to twist the neck portion 46c can 
be realized. Furthermore, the neck portion 46c may b 
formed into a spiral shape and given with spring proper- 
ties. With this arrangement, the same effect as described 
above can be obtained. 

The characteristic feature common to the above 
examples is that the barycenter in a region of the head 
portion 46b (46d) for mounting the optical operation ele- 
ment 2 (3) is offset in a direction perpendicular to a direc- 
tion H of the neck portion 46c (46e) extending from the 
main body portion 46a and a direction D to bend the neck 
portion 46c (46e) (Fig. 3). 

A way of obtaining the barycenter in the region for 
mounting the optical operation element 2 (3) will be 
explained with reference to Fig. 7. 

For example, a polygon (triangle in this embodiment) 
is drawn using, as vertices, centers 401a, 401b, and 
401c of three through holes 400a, 400b, and 400c (which 
receive the terminals 2a (3a) extending from the bottom 
portion of the optical operation element 2 (3)) in the head 
portion 46b (46d), as shown in Fig. 7. A barycenter G 
obtained from this polygon is defined as the barycenter 
in the element mounting region. 

Fig. 8 is a schematic view showing a state in which 
the optical operation element 2 (3) is mounted on the 
head portion 46b (46d) of the FPC 46. The auxiliary plate 
47 (48) having a predetermined thickness and a proper 
bending strength is fixed to the head portion 46b (46d). 
A recess 47a is formed in a mounting surface 202 of the 
auxiliary plate 47. The recess 47a stores a projection 2d 
formed of a solder in joining a ground terminal 2e of the 
optical operation element 2 (3) to a bottom surface 2A of 
the optical operation element 2 by soldering. No excess 
load is applied to the head portion 46b of the FPC 46 in 
surface-mounting the optical operation element 2 (3) on 
the FPC 46 because this recess 47a stores the projection 
2d. unlike a state shown in Fig. 9. 

A diameter D2 of the recess 47a is larger than a 
diameter D1 of each of through holes 203a, 203b, and 
203c which receive the terminals 2a and 2e. 
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As has been described above, according to the 
present invention, the main body portion of the optica! 
module circuit board is coupled to the head portion 
through the neck portion. With this structure, the flexible 
neck portion can absorb a stress in the twist direction to 
prevent cutting and disconnection between the main 
body portion and the neck portion and between the neck 
portion and the head portion. 

The reinforcing plate having the recess for storing 
the projection formed on the bottom surface of the optical 
operation element is fixed to the optical operation ele- 
ment mounting surface of the flexible head portion. With 
this structure, when the optical operation element is 
mounted, the projection formed on the bottom surface of 
the optical operation element can be stored in the recess 
of the reinforcing plate. No excess load is applied to the 
flexible head portion in mounting (see Fig. 9). 

Fig. 10 shows a pattern on the FPC 46. As shown 
in Fig. 10, a power supply filter circuit 470 including a 
bypass capacitor 60 is mounted on the head portion 46b. 
The optical operation element 2 is mounted on a surface 
opposite to this pattern mounting surface. Therefore, the 
optical operation element 2 can be set near the bypass 
capacitor 60. 

Note that LSI chips 801 are mounted on regions 
460a and 460b defined on the main body portion 46a. 
as shown in Fig. 10. 

Figs. 1 1 and 12 are sectional views showing a struc- 
ture for connecting a ground pattern on the head portion 
46b (46d) to the ground terminal 2e of the optical oper- 
ation element 2 (3). These figures show the modified 
structure of Fig. 4. Therefore, the layer 900a includes the 
layers 800e and 800f of Fig. 4, the layer 900b includes 
the layers 800c and 800d of Fig. 4. the layer 900c 
includes the layers 800a, 800b and 801b of Fig. 4, the 
layer 900d includes the layers 801c and 801d of Fig. 4, 
and the layer 900e includes the layers 801 e and 801f of 
the Fig. 4. 

As shown in Fig. 1 1 , a ground pattern in the FPC 46 
electrically contacts the ground wiring layer 900d in the 
through hole 400a. 

The ground terminal 2e of the optical operation ele- 
ment 2 inserted in the through hole 400a is electrically 
connected to the ground pattern through a solder 204. 

Since the optical operation element and the power 
supply filter circuit are mounted close to each other on 
the head Portion 46b (46d), a sufficient bypass effect can 
be obtained. The head portion 46b (46d), therefore, can 
be connected and fixed to another printed wiring board 
460. 

As shown in Fig. 13, the head portion 46b and the 
neck portion 46c of the FPC 46 are separated from the 
main body portion 46a. The power supply filter circuit 
such as the bypass capacitor 60 and a peripheral circuit 
61 are mounted on the head portion 46b near a position 
at which the optical operation element 2 is mounted. The 
optical module is constituted by the head portion 46b, 
the neck portion 46c, the bypass capacitor 60, and the 
peripheral circuit 61. In this case, as shown in Fig. 14, 



the end portion of the neck portion 46c is electrically cou- 
pled to the main body portion 46a by soldering, welding, 
thermal compression, or the like. 

With this arrangement, a sufficient bypass effect can 
5 be obtained because a distance between the optical 
operation element 2 and the bypass capacitor 60 can be 
greatly shortened. In addition, the versatility of the board 
itself can be improved by employing the board structure 
which integrally incorporates the head portion 46b, the 
10 neck portion 46c, the bypass capacitor 60, and the 
peripheral circuit 61. 

Note that the neck portion 46c may be connected to 
the board 460 by connecting a wiring pattern 803 formed 
on the first surface of the neck portion 46c to a connec- 
15 tion pin 461 arranged on the board 460 through a solder 
462, as shown in Fig. 15. Further, as shown in Fig. 16, 
the end portion of the neck portion 46c may be exposed 
by stripping the polyimide layer and the like. Moreover, 
as shown in Fig. 1 7, the end portion of the neck portion 
20 46c may be shaped to be inserted in a socket 480 
arranged on the printed wiring board 460. 

The assembly process of the optical module 1 to 
which the circuit board 8 is applied will be described with 
reference to Figs. 18 to 20. Fig. 18 is a perspective view 
25 showing the optical module 1 when viewed from the 
housing 4 side. The sleeves 5 and 6 to which the optical 
operation elements 2 and 3 are adhered and fixed by the 
element holding portions 1 1 are held by electrically con- 
necting and fixing the optical operation elements 2 and 
so 3 to part of the circuit board 8. When the circuit board 8 
is mounted in the housing 4, the sleeves 5 and 6 are 
accommodated to the housing 4. 

First latch portions 28 extending from a base portion 
15 of the sleeve holder 7 are engaged with second latch 
35 portions 40 formed on the side walls of the housing 4 to 
attach the sleeve holder 7 to the housing 4. More specif- 
ically, projections 28a of the first latch portions 28 are 
fitted in openings 40a of the second latch portions 40 to 
attach the sleeve holder 7 at the opening portion of the 
40 housing 4. 

At this time, the sleeves 5 and 6 already accommo- 
dated to the housing 4 are automatically set at predeter- 
mined positions in accordance with a special structure 
shown in Rgs. 2, 18. and 19. 
45 A protective plate 50 covers the opening portion of 
the housing 4 to hide the optical sleeves 5 and 6 in the 
housing 4. More specifically, projections 50a and 50b are 
formed at both the ends of the plate 50. When the pro- 
jections 50a and 50b are fitted in grooves 50c and 50d 
so formed in the inner walls of the housing 4, the plate 50 
is automatically attached at the opening portion of the 
housing 4. 

Referring to Fig. 10, spring pieces 24 A and 24B (25A 
and 25B) and the spring piece 26 (27) arranged on the 
55 sleeve holder 7 urge the flange 12 of the sleeve 5 (6) 
against the support portion 31 (32) in the housing 4 to 
fix th sleeve 5 (6) at the predetermined position in the 
cavity of the housing 4. 
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The assembly process of the optical module 1 will 
be described with reference to Figs. 19 and 20 viewed 
from a direction opposite to Fig. 18. 

Fig. 1 9 shows a structure in which the circuit board 
8 having each sleeve 5 (6) thereon and the neck portions s 
46c and 46e bent in a predetermined shape is attached 
at the opening portion of the housing 4. 

A plurality of board support portions 42 are formed 
inside the housing 4, and a first surface 8a (i.e., a surface 
on which the circuit elements 801 are mounted) of the 10 
circuit board 8 abuts against surfaces 42a and 42b of the 
board support portions 42. A plurality of hook pieces 41 
are formed on the inner walls of the housing 4, and the 
edge portion of the circuit board 8 is clamped between 
lock portions 41a of the hook pieces 41 and the board is 
support portions 42 to attach the circuit board 8 at the 
opening portion of the housing 4. At this time, the open- 
ings (openings of the insertion holes) of the ferrule hold- 
ing portions 1 0 of the sleeves 5 and 6 accommodated to 
the cavity of the housing 4 respectively face the openings 20 
400a and 400b (openings for externally inserting ferrules 
9a into the housing 4) formed in the front surface of the 
housing 4. 

After the circuit board 8 is attached to the housing 4 
while the entire sleeves 5 and 6 are disposed in the hous- zs 
ing 4, the sleeve holder 7 and the protective plate 50 are 
sequentially attached at the opening portion of the hous- 
ing 4. as shown in Fig. 20. 

More specifically, the first latch portions 28 are 
formed at both the sides of the base portion 15 of the 30 
sleeve holder 7, and the second latch portions 40 
engaged with the first latch portions 28 are formed on 
the side walls of the housing 4. 

When the projections 28a of the first latch portions 
28 are fitted in the openings 40a of the second latch por- 3S 
tions 40, the sleeve holder 7 is automatically attached at 
the opening portion of the housing 4. At this time, the 
sleeves 5 and 6 are automatically fixed at the predeter- 
mined positions in the housing 4. 

The projections 50a and 50b are formed at both the 40 
ends of the protective plate 50, and the grooves 50c and 
50d corresponding to the prqections 50a and 50b are 
formed in the inner walls of the housing 4. When the pro- 
jections 50a and 50b of the protective plate 50 are fitted 
in the grooves 50c and 50d, the protective plate 50 is 45 
automatically attached at the opening portion of the 
housing 4. As a result the second opening (i.e.. the 
opening for receiving each sleeve 5 (6)) of the housing 
4 is covered with the circuit board 8, the base portion 15 
of the sleeve holder 7, and the protective plate 50. so 

It is preferable the auxiliary plate 47 (48) has a struc- 
ture shown in Figs. 21 and 22. In particular, Fig. 23 is a 
sectional view showing the auxiliary plate 47 (48) shown 
in Fig. 22 along the line B -B. 

A first embodiment of the auxiliary plate 47 (48). as ss 
shown in Fig . 2 1 , has a first surface 470b being in contact 
with the second surface of th FPC 46, a second surface 
470a opposite to the first surface 470b. and a plurality of 
through holes 471 a and 471 b extending from the second 
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surface 470a to the first surface 470b. The plurality of 
through holes 471 a and 471 b respectively have tapered 
openings 472a and 472b. By this structure, each of the 
terminals 2a and 2e (see Fig. 1 , 13 and 1 4) of the optical 
operation element 2 (3) may be easily inserted into the 
corresponded through hole. 

A second embodiment of an auxiliary plate 47 (48), 
as shown in Figs. 22 and 23. also has a plurality of slotted 
holes 473a and 473b extending from the second surface 
470a to the first surface 470b. And the slotted holes 473a 
and 473b. as shown in Fig. 23, respectively have tapered 
openings 474a and 474b. Even if the intervals between 
the ground terminal 2e and the other terminals 2a sur- 
rounding the terminal 2e are varied, each of the terminals 
2a can be inserted the corresponded slotted holes. By 
the structure, the varied types of optical elements can b 
inserted one kind of the auxiliary plate 47 (48) shown in 
Figs, 22 and 23. Furthermore, it is preferable the slotted 
holes 473a and 473b respectively have tapered open- 
ings 474a and 474b. 

From the invention thus described, it will be obvious 
that the invention may be varied in many ways. Such var- 
iations are not to be regarded as a departure from th 
spirit and scope of the invention, and all such modifica- 
tions as would be obvious to one skilled in the art are 
intended to be included within the scope of the following 
claims. 

The basic Japanese Applications No.269870/1994 
f fled on November 2, 1 994 and No.275099/1 994 filed on 
November 9. 1 994 are hereby incorporated by reference. 

Claims 

1 . An optical module circuit board comprising a flexible 
printed circuit having at least a multilayered structure 
in which a layer containing a conductive metal inter- 
connection is sandwiched between insulating lay- 
ers. 

wherein said flexible printed circuit includes: 
a main body portion having said multilayered 
structure, a first surface mounted with an electronic 
component, and a second surface opposite to said 
first surface; 

a neck portion having said multilayered struc- 
ture, extending from one end of said main body por- 
tion, and having a first surface continuously 
extending from said first surface of said main body 
portion, and a second surface continuously extend- 
ing from said second surface of said main body por- 
tion; and 

a head portion positioned at a distal end of 
said neck portion extending from said one end of 
said main body portion, having said multilayered 
structure, and mounted with an optical operation ele- 
ment, said head portion having a first surface con- 
tinuously extending from said first surface of said 
neck portion, and a second surface continuously 
extending from saidsecond surface of said neckpor- 
tion, 
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said neck portion holds said head portion so 
as to set said first surface of said head portion on a 
plane different from a plane including said first sur- 
face f said main body portion, and 

a barycenter in a region of said head portion 
for mounting an optical operation element is offset 
in a direction perpendicular to a direction of said 
neck portion extending from said main body portion 
and a direction to bend the neck portion. 

2. A circuit board according to claim 1 , further compris- 
ing an auxiliary plate having a first surface being in 
contact with and entirely covering said second sur- 
face of said head portion, and a second surface 
opposite to said first surface of said auxiliary plate 
and facing said optical operation element, said aux- 
iliary plate having a recess with a predetermined 
diameter, which is larger than that of a through hole 
extending from said second surface of said auxiliary 
plate to said first surface of said head portion, at an 
opening portion of the through hole which receives 
a terminal of said optical operation element. 

3. A circuit board according to claim 2. further compris- 
ing a base plate having a first surface being in con- 
tact with said second surface of said main body 
portion to cover said entire second surface of said 
main body portion, and a second surface opposite 
to said first surface of said base plate. 

4. A circuit board according to claim 1, wherein said 
head portion has a power supply filter circuit with a 
bypass capacitor mounted on said first surface of 
said head portion. 

5. An optical module circuit board comprising a flexible 
printed circuit having at least a multilayered structure 
in which a layer containing a conductive metal inter- 
connection is sandwiched between insulating lay- 
ers. 

wherein said flexible printed circuit includes: 
a main body portion having said multilayered 
structure, a first surface mounted with an electronic 
component, and a second surface which opposes 
said first surface and is in contact with and entirely 
covered with a first auxiliary plate; 

a neck portion having said multilayered struc- 
ture, extending from one end of said main body por- 
tion, and having a first surface continuously 
extending from said first surface of said main body 
portion, and a second surface continuously extend- 
ing from said second surface of said main body por- 
tion; and 

a head portion positioned at a distal end of 
said neck portion extending from said one end of 
said main body portion, having said multilayered 
structure, and mounted with an optical operation ele- 
ment, said head portion having a first surface con- 
tinuously extending from said first surface of said 
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neck portion, and a second surface which continu- 
ously extends from said second surface of said neck 
portion, and is in contact with and entirely covered 
with a second auxiliary plate, said second auxiliary 
5 plate physically spaced apart from said first auxiliary 
plate, 

said neck portion holds said head portion so 
as to set said first surface of said head portion on a 
plane different from a plane coplanar with said first 
io surface of said main body portion, and 

said second surface of said neck portion is 
exposed between said first auxiliary plate and said 
second auxiliary plate. 

is 6. A circuit board according to claim 5. wherein said 
auxiliary plate comprises a first surface being in con- 
tact with and entirely covering said second surface 
of said head portion, a second surface opposite to 
said first surface of said second auxiliary plate and 

20 facing an optical operation element, and a recess 
with a predetermined diameter, which is larger than 
that of a through hole extending from said second 
surface of said second auxiliary plate to said first sur- 
face of said head portion, at an opening portion of 

?5 the through hole which receives a terminal of said 
optical operation element 

7. An optical module circuit board comprising a flexible 
printed circuit having at least a multilayered structure 

w in which a layer containing a conductive metal inter- 
connection is sandwiched between insulating lay- 
ers, 

wherein said flexible printed circuit includes: 
a head portion having said multilayered struc- 
* ture, a power supply filter circuit with a bypass 
capacitor mounted on a first surface, and an optical 
operation element mounted on a second surface 
opposite to said first surface; and 

a terminal portion having said multilayered 
o structure, extending from one end of said head por- 
tion, and having a first surface continuously extend- 
ing from said first surface of said head portion, and 
a second surface continuously extending from said 
second surface of said head portion. 

5 

8. A circuit board according to claim 7, further compris- 
ing an auxiliary plate having a first surface being in 
contact with and entirely covering said second sur- 
face of said head portion, and a second surface 

? opposite to said first surface of said auxiliary plate 
and facing said optical operation element, and 
wherein said second surface of said terminal portion 
is exposed without being brought into contact with 
said auxiliary plate. 

9. A circuit board according to claim 8, wherein said 
auxiliary plate comprises a recess with a predeter- 
mined diameter, which is larger than that of a 
through hole extending from said second surface of 
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said auxiliary plate to said first surface of said head 
portion, at an opening portion f the through hole to 
which a terminal of said optical operation element is 
inserted. 

5 

1 0. A circuit board according to claim 7, wherein 

a barycenter in a region of said head portion 
for mounting an optical operation element is offset 
in a direction perpendicular to a direction of said 
neck portion extending from said head portion. 10 

11. A circuit board according to claim 8. wherein said 
auxiliary plate has a plurality of through holes 
extending from said second surface of safcJ auxiliary 
plate to said first surface of said auxiliary plate, each 75 
having a tapered opening at said second surface 
side of said auxiliary plate. 

12. A circuit board according to claim 8, wherein said 
auxiliary plate has a plurality of slotted holes extend- so 
ing from said second surface of said auxiliary plate 

to said first surface of said auxiliary plate. 

13. A circuit board according to claim 12, wherein each 

of said slotted holes has a tapered opening at said 25 
second surface side of said auxiliary plate. 
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High alignment tolerance coupling scheme 
for multichannel laser diode/singlemode 
fibre modules using a tapered waveguide 
array 

J.-M. Cheong, J.-W. Seo and Y.-K. Jhce 

Indexing terms: Optical couplers. Packaging 

A high alignment tolerance scheme Tor coupling a laser diode 
array 10 a singlemodc fibre array using a tapered waveguide array 
as an intermediate coupling device is proposed. The numerical 
results show a 0.5 dB lateral alignment tolerance of ±6um and 
maximum coupling efficiency of-£.6dB. 

Introduction: The most difficult problem in realising laser-fibre 
array modules for optical parallel interconnections is how to real- 
ise an efficient and high alignment tolerance optical technique for 
coupling a laser diode (LD) array to a singlemode fibre (SMF) 
array. An attractive approach to passive alignment to obtain low 
cost and compact packaging is provided by the fiipchip solder- 
bump technique [I]. In this technique, the vertical positional accu- 
racy required for laser alignment to fibre, which depends on con- 
trol of the thickness of the deposited solder, can be achieved with 
the aid of standoffs provided on the substrate J2J. However, accu- 
rate lateral selfalignment without relatively precise initial position- 
ing is very difficult because the small surface area of the laser chip 
does not permit a large number of large-diameter solder bumps 
which guarantee reproducible precision. From these points of 
view, a high alignment tolerance scheme for coupling the LD 
array to the SMF array needs to be investigated. For this purpose, 
a coupling scheme has been realised whereby a tapered waveguide 
array is placed between the LD array and the fibre array is pro- 
posed in this Letter. Combining the beam propagation method 
(BPM) and the effective-index method, the coupling characteristics 
of the LD into the waveguide arc anaysed. 
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Fig. I Coupling configuration using a tapered waveguide array 

LD/SMF array packaging scheme: A schematic diagram of the 
structure for coupling the LD array to the SMF array on a silicon 
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substrate is illustrated in Fig. 1. A tapered waveguide array is used 
as an intermediate coupling de/ice located between the LD array 
and the SML array. To reduce the optical crosstalk between adja- 
cent channels, the waveguides can be isolated from one another by 
trenches. Because the guiding structure on the terraced silicon sub- 
strate can be fabricated for the low-loss coupling of optical power 
from the waveguide to the SMF [3 J, silica-based waveguides on a 
silicon substrate are considered to be candidates for the proposed 
packaging scheme. The tapered waveguide geometry analysed is 
- illustrated in Fig. 2. We take n, as the effective refractive index of 
the tapered waveguide, and a as the ratio of the effective refrac- 
tive index of the negative-index waveguides to 

The principle of operation and the philosophy behind the high 
alignment tolerance in the coupling from the LD to the waveguide 
can be explained as follows. The negative-index waveguides desig- 
nated by numbers 1 and 2 in Fig. 2 suppress the excitation of the 
higher-order modes in the tapered region for a highly misaligned 
input field, and the central negative-index waveguide 1 reduces the 
coupling efficiency to obtain a larger alignment tolerance for very 
small misalignments. 
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Fig. 2 Tapered waveguide structure 
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By controlling the anisotropic etching carefully [4], we can fab- 
ricate the guiding structures for fibres having a low coupling loss 
in the packaging process. Therefore, the packaging tolerance is 
mainly dependent on the alignment tolerance between the LD and 
the tapered waveguide. 

Numerical results: Referring to Fig. I , the total coupling efficiency 
Ti between the LD and the SMF is calculated as follows: 

*) = m-*r7 (1) 

where T), is the coupling efficiency of the LD into the waveguide 
and T) a is the waveguide-to-fibre coupling efficiency. r\ x can be 
obtained from the overlap integral 



m = 



in.#*(y)-^c(y)<iy| J 



(2) 



where * denotes complex conjugation, £(x) is the propagation 
field profile calculated by BPM, and and are the funda- 
mental eigenmode field profiles of the LD and the output 
waveguide, respectively. A coupling efficiency r\ 3 higher than 98% 
can be obtained using the modefield conversion technique [5], and 
this value is used in the calculation. 

Because the divergent beam from the LD contains large-angle 
components for which the Fresnel approximation implied in the 
BPM is not valid [6], the results of our analysis will yield approxi- 
mate values of the propagating electric-field distributions. In the 
numerical calculations, we use A, =8pm, h 2 - l.Sum, A„ = 3um, 
= 0.5pm , = lum, z 2 - 200pm, r, = 150pm, r 4 = 170]im, n t = 
1.5, n, = 1.51, a « 0.9955. 0, = 1.43°, 0, = 0.57°, 8, = 0.5° and the 
free-space wavelength X, = 1.3um. Assuming Gaussian profiles for 
the LD power distributions in the directions parallel and perpen- 
dicular to the junction plane, the beam spot sizes (to*, co/) corre- 
sponding to each direction are assumed to be 2 and 0.5pm, 
respectively. The modefield diameter of the SMF is assumed to be 
9.8pm. Using the dispersive curves of step-index slab waveguide; 
the calculated thickness of the output waveguide satisfying the sin- 
gle-mode condition is -3.8um. 



